A spectrophotometric procedure for standardizing red blood cell suspensions for use in viral hemagglutination tests is described. The procedure is based on highly reproducible cyanmethemoglobin absorbance readings at 540 nm on any suitable spectrophotometer. Target values for milligrams of cyanmethemoglobin per 100 ml are given for the red cell suspensions of all mammalian and avian species employed in viral hemagglutination tests. By use of these values and a cyanmethemoglobin standard curve for a particular photometer, approximate 4%, erythrocyte suspensions can be diluted to any lesser concentration. Coefficients of variation for the various diluted suspensions range from 4 to 7%. Standardization of viral HA-HI tests necessarily involves all of the "arbitrary constants" that make up the tests: volume and concentration of red blood cells, volume of antigen, type of diluent, serum treatment, antigen-serum-cell volume ratio, and incubation time. Of these variables, the concentration of erythrocytes is the least controlled, despite its importance in the reproducibility of the test results. In many laboratories, suspensions of red blood corpuscles (RBC) are prepared by reading the packed cell volume in uncalibrated centrifuge tubes after centrifugation under variable conditions with no control on the sources of error.
Hemagglutination (HA) and hemagglutinationinhibition (HI) tests for the identification of viruses and serological diagnosis of virus infections have been subjected to endless procedural modifications since the inception of the HA test for influenza in 1941. Most of the variations in the performance of the hemagglutination tests are needless and confusing, and give rise to titers which depend as much on the test procedure as on the virus or serum being tested. In addition, small laboratories often do not have the manpower or budgetary allowance to conduct a variety of hemagglutination procedures and, as a result, do not use HA and HI tests to their full potential in the identification of viruses and specific antibodies.
Two considerations are paramount in establishing standardized HA-HI procedures. First, a study of diagnostic viral HA-Hl tests needs to be performed in an effort to render them more sensitive and reliable. Second, a standardized protocol is needed to serve as a reference when comparing results in one laboratory with those in another.
Standardization of viral HA-HI tests necessarily involves all of the "arbitrary constants" that make up the tests: volume and concentration of red blood cells, volume of antigen, type of diluent, serum treatment, antigen-serum-cell volume ratio, and incubation time. Of these variables, the concentration of erythrocytes is the least controlled, despite its importance in the reproducibility of the test results. In many laboratories, suspensions of red blood corpuscles (RBC) are prepared by reading the packed cell volume in uncalibrated centrifuge tubes after centrifugation under variable conditions with no control on the sources of error.
The most accurate method currently available for preparing erythrocyte suspensions is by spectrophotometry. An approximate cell concentration is prepared and a sample is treated with a hemolytic reagent which liberates the hemoglobin. The absorbance or optical density (OD) of the solution is measured in a spectrophotometer and compared with the OD of a known cell suspension (called the "target OD") to obtain the dilution factor needed to adjust the suspension to the correct concentration. This target OD must be very accurately determined, since all future unknown suspensions are adjusted by the target OD values.
Clarke and Casals (3) discussed a photometric procedure for preparing cell suspensions for HA-HI tests, but their method was not applicable to all photometers or cell suspensions. Similar limited attempts to standardize sheep cell suspensions for the complement-fixation test have also been made (4, 5) .
Since the use of red cell suspensions of accurate concentrations is an integral part of the standardized HA-HI tests, we describe in the present report the standardization of erythrocyte suspensions by spectrophotometry and the routine preparation of standardized cell suspensions. In a companion paper we discuss the other variables of current hemagglutination procedures, outline the protocol for the standardized HA-HI tests, and present the statistical evaluation of these tests.
MATERIALS AND METHODS
Collection and washing of red blood cells. Bloods from Hampshire and Suffolk sheep, Hartley strain guinea pigs, type "O" humans, rhesus and vervet monkeys, Sprague-Dawley albino rats, white mice, Chinese geese, White Rock chickens, and White Leghorn 2-day baby chicks were used in these experiments. Blood was collected and stored in Alsever solution (consisting of 20.5 g of glucose, 8.0 g of trisodium citrate dihydrate, 0.55 g of citric acid monohydrate, 4.2 g of sodium chloride, and 1,000 ml of distilled water; pH 6.1; sterilized by membrane filtration) in the proportion of 1 ml of blood to 4 ml of anticoagulant. When needed, the red cells were washed and ultimately diluted in phosphate-buffered saline (PBS), pH 7.2, containing 0.010 M total phosphate and 0.146 M sodium chloride (consisting of 1.096 g of disodium phosphate anhydrous, 0.315 g of monosodium phosphate monohydrate, 8.5 g of sodium chloride, and 1,000 ml of distilled water).
Preparation of 4.0% RBC suspensions by centrifugation. The red cells were washed three times in an International PR-I centrifuge at 2,264 X g (3,000 rev/min) for 30 min at 4 C (8). Kolmer 10-ml centrifuge tubes, which had previously been calibrated at the 0.40-and 10.0-ml marks, were used for this purpose. Following each centrifugation, the buffy coat (white cell layer) and excess red cells were carefully aspirated so that the final packing would read exactly 0.40 ml. The packed RBC volume was diluted to 10.0 ml with PBS to obtain a 4.0% RBC suspension accurate to the first decimal place.
Preparation of approximate 4% RBC suspensions. Approximate cell suspensions were prepared in the "usual" manner. The cells were washed three times in 12-ml conical graduated centrifuge tubes in a clinical centrifuge at approximately 1,500 X g for 5 min at room temperature. The buffy coat was removed by aspiration after each wash. The packed cell volume was read after the final wash and then diluted to an approximate 4% concentration with PBS. The use of centrifuge tubes which had been checked for accuracy at the 0.2-, 0.4-, and 0.6-ml marks lessened the error in reading the packed cell volume but did not substantially reduce the overall variation in this procedure.
Cyanmethemoglobin assay. The hemoglobin content of each RBC suspension was determined spectrophotometrically by the Hycel cyanmethemoglobin procedure. (Hycel Inc., Houston, Tex.; see Hycel literature for further explanations of reagent, standard curve, and assay.) In this method, erythrocytes are lysed in a hypotonic solution, and the liberated hemoglobin is then oxidized to cyanmethemoglobin which has a strong absorption band at 540 nm.
The hemolytic reagent was prepared by dissolving one vial of Hycel powder reagent in 2 liters of distilled water. Use of the reagent at one-half strength helped to overcome the "resistant-cell" phenomenon.
The reagent was stored in a brown, screw-capped polyethylene bottle at room temperature.
The cyanmethemoglobin standard curve was prepared from various amounts of the Hycel standard with 80 mg of cyanmethemoglobin per 100 ml and Hycel cyanmethemoglobin reagent to give concentrations of 80, 60, 40, 20, and 0 mg of cyanmethemoglobin per 100 ml (80 mg of cyanmethemoglobin per 100 ml equals 20 g of hemoglobin per 100 ml). The absorbance readings at 540 am were used to calculate a factor by which the CYD of unknown samples was converted to milligrams of cyanmethemoglobin per 100 ml. Calibration of the cyanmethemoglobin method and calculation of the factor are described in the Hycel literature and elsewhere (2) . A convenient way to calculate the factor is to divide the sum of the concentrations of the standards (80, 60, 40, 20; and where the 0 standard is the reagent blank) by the sum of the OD readings (at 540 nm) of the standards. This factor may be used without change if the same instrument is employed.
The cyanmethemoglobin assay of RBC suspensions was performed by adding 1 ml of the well-mixed suspension to a 25-ml volumetric flask which was then filled to the mark with one-half strength cyanmethemoglobin reagent. The flask was inverted 10 times to thoroughly mix the contents and then allowed to stand at room temperature for 15 to 45 min-a length of time sufficient for cell lysis to occur. If the cell stroma were not completely dissolved, the solution was clarified by centrifugation at 1,650 X g before it was transferred to cuvettes.
Cyanmethemoglobin readings were taken on a Bausch & Lomb Spectronic-20 colorimeter, two Coleman Junior spectrophotometers (model 6A), and a Beckman DU spectrophotometer. All were operated at a wavelength of 540 am. Cuvette sizes were 13 X 100 am for the Spectronic-20 colorimeter, 12 X 75 mm for the Coleman Junior spectrophotometers, and 10 mm' X 45 mm for the Beckman DU spectrophotometer. All samples were read against a reagent blank, and a standard curve was included with each series of test samples. The average of five OD readings for each sample was converted to grams of hemoglobin or milligrams of cyanmethemoglobin per 100 ml by multiplying the OD by the factor calculated from the appropriate standard curve: grams of hemoglobin or milligrams of cyanmethemoglobin per 100 ml of suspension x = (OD of suspension x) X (factor).
Cell counts. Cell counts were taken on the 4.0% suspensions with a Coulter model B counter and a Particle Data Corporation Celloscope. Both were operated at the appropriate lower threshold and amplification settings required to rule out background noise. The upper threshold was disengaged. Cell suspensions were diluted 1:30,000 in Gower's solution which had been passed through a 0.22-jum filter (Millipore Corp., Bedford, Mass.) to minimize the background count. RESULTS Development of the cyanmethemoglobin procedure. Several preliminary tests were conducted to VOL. 18, 1969 determine which RBC concentration and volume of hemolytic reagent would be most practical for a routine procedure. The logical choice for the reagent volume was the 25-ml volumetric flask, since it is readily available and is a convenient size. The use of 4% cell suspensions, to be diluted 1: 25 in the reagent, was dictated by two factors: (i) this hemoglobin concentration gave readings in the middle of the most sensitive portion of the absorbance scale (0.2 to 0.4 OD), and (ii) a 1:25 dilution of a 4% suspension approximates the clinical procedure recommended by the reagent manufacturer, namely, 0.02 ml of whole blood into 5.0 ml of reagent, which is a 1: 251 dilution of blood (32 to 45 % hematocrit). On the basis of these considerations, we established that the method of choice was to prepare 4% RBC suspensions and measure the hemoglobin content by the absorbance of a 1:25 dilution of this suspension in cyanmethemoglobin reagent. Using this procedure, we found that mammalian cells which had been stored for 2 weeks or less lysed within 30 min at room temperature and were completely soluble in the hemolytic reagent. After lysis and thorough mixing, the solution was transferred to cuvettes for spectrophotometric readings.
Avian cells were more difficult to handle. Complete lysis was achieved only when the cells were fresh (0 to 2 days) and when they had been properly collected in the anticoagulant. For complete lysis, 3-to 5-day-old cells usually required the addition of a few milligrams of saponin, heating at 60 C for 2 hr, or multiple freeze-thawings. Cells older than 6 days could be completely lysed only by sonic oscillation. In addition to the hemolysis problem, some fragments of avian cells were not completely soluble in the hemolytic reagent. The cell stroma tended to form long, viscous aggregates which were free from hemoglobin but which would interfere with photometric read- curve of 0 to 20 grams of hemoglobin per 100 ml as outlined by Hycel. The Hycel standard curve is designed for a dilution of 0.02 ml of whole blood in 5.0 ml of reagent; this 1: 251 dilution of blood is equivalent to a 1:627.5 dilution of packed RBC if an average hematocrit of 40% is used. This closely approximates the 1:625 cell dilution in the present work (4.0% x 1/25).
The results in Table 2 afford a comparison of the hemoglobin values obtained in these experiments with those reportedin the literature The very close agreement observed supports the accuracy of the 4.0% suspensions. The importance of the accuracy of these suspensions cannot be overlooked because the target values for milligrams of cyanmethemoglobin per 100 ml which will eventually be calculated (Table 3) can be no more accurate than the cell suspensions used to obtain them.
The average cell counts on the 4.0% suspensions for each species tested are listed in Table 2 . Most of these counts are reproducible and agree with those given in the literature cited. For instance, 4 .0% sheep cell suspensions were found to contain an average of 11.6 X 108 cells/ml, compared with the literature values of 13.0 X 10' (1, 7) and 9.6 x 101 (4, 5) . It Table 4 . These values were calculated by simple proportionality from the accurate cyanmethemoglobin figures in Table 3 .
Since it is more accurate to base hemoglobin concentration on a known weight of cyanmethemoglobin per unit volume rather than on grams of hemoglobin per 100 ml of blood, the target values of Table 4 are calculated in the form of milligrams of cyanmethemoglobin per 100 ml of solution.
(A value for grams of hemoglobin per 100 ml of blood is very dependent upon hematocrit and several other hematologic variables and is thereby highly subject to error.) The figures in Tables 1  and 2 were expressed as grams of hemoglobin per 100 ml so that a direct comparison with the literature could be used to substantiate the accuracy of the 4.0% suspensions. Once this was accomplished, the emphasis was shifted to milligrams of cyanmethemoglobin per 100 ml. The multiplication factor to convert grams of hemoglobin per 100 ml to milligrams of cyanmethemoglobin per 100 ml is 4.00. A third test on the accuracy of the derived target values for milligrams of cyanmethemoglobin per 100 ml was conducted by reversing the usual order of preparing standardized RBC suspensions. Since the target values are based on 4.0% RBC suspensions accurately prepared by centrifugation under specific conditions in calibrated Kolmer tubes, it was important to deter- aCalculated from the target values for milligrams of cyanmethemoglobin per 100 ml in Table  3 . The values for milligrams of cyanmethemoglobin given in Tables 3 and 4 embody the most recent molecular weight for hemoglobin (64, 458) , established by the Congress of the International Society for Hematology in 1964. All current lots of cyanmethemoglobin standard should also be employing this new molecular weight.
Outline of the procedure for standardizing RBC suspensions by spectrophotometry. The initial step in this procedure is the calculation of the target OD values on the photometer which will routinely be used for cell standardization. Prepare a standard curve of 0 to 80 mg of cyanmethemoglobin per 100 ml, and compute the "factor" (see Ma- terials and Methods). Using this factor, calculate the target OD for each cell suspension to be used: target OD target mg of cyanmethemoglobin per 100 ml ( 
